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Introduction

m Heavy BSM resonances (2 1 TeV) may decay into SM bosons (W, Z, H)

m Plethora of final states, each one with its own peculiarities:

| Va3 W — v Z — Z — v H — bb

V — qg VV — qqqq WV — lvqq ZV — llqqg
W — v | WV — lvqqg
Z — W ZV — llqq
Z — vv
H — bb

WH — (vbb
ZH — 0¢bb
ZH — vvbb
WH — lubb ~ ZH — ¢¢bb ~ ZH — vvbb HH — 4b

Experimental challenges

m SM bosons decay mostly to quarks (qg, bb)

m Due to the large Lorentz boost W, Z, H decay
products merge into a single jet

m Clustered within a large-cone jet (R = 0.8)

m Investigation of the jet substructure

m Groomed jet mass to mitigate pileup
contamination
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Theoretical motivations

Heavy Vector Triplet (HVT)

m Heavy Z', W’ predicted by several
models: Little Higgs, composite Higgs,
Minimal Walking Technicolor

m Described by a simplified Lagrangian
in the HVT framework [1] [2]

m 3 new BSM vector fields V*, V=, V°
m Two possible scenarios:

m couplings to fermions dominating
(Model A)

m couplig to fermions suppressed w.r.t.
to SM bosons (Model B):
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Warped Extra Dimension (WED)

m WED models as possible solution to

the hierarchy problem
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m Radion (spin-0) and Graviton (spin-2)
m Radion scale Ar depends on Planck
scale, Warp factor k/Mp; ~ TeV

m May have similar coupling strength to
SM fermions and gauge boson

m Production through DY and
gluon-fusion, decay to WW, ZZ, HH




W, Z, H recontruction and identification

T

m CMS uses N-subjettiness (721) +

m Pruning [1] (legacy 2015) PUPPI [4]
= Soft drop [2] + PUPPI [3] (2016) m measures how consistent is the jet
m stable vs pileup with the 2 sub-jets hypothesis

m good mj resolution (10%)
m Orthogonal m; categories:
W 65 < m; < 85 GeV

m Scale factor and uncertainties derived
from W — qg in tt-enriched sample

m Categorization according to purity:
Z 85 < m; < 105 GeV g B W0 [P

Higgs 105 < m; < 135 GeV = High Purity (HP) 72, < 0.35

m Low Purity (LP) 0.35 < 11 < 0.75
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W, Z, H recontruction and identification

Higgs boson taggi

m Double-b tagger algorithm [5]
m exploit b-tagging to identify two
b-quarks within the same jet
m also uses soft lepton (e, u)
information
m combines tracking and vertexing
information in an MVA
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X — VV — qqqq

CMS-PAS-B2G-17-001

single (qV) V-tag

m All-hadronic resonance search with double (VV) or ML"

e T m Background estimation:
“bump-hunt” fit with power
law functions directly to data
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X — VWV — qqqq

CMS-PAS-B2G-17-001
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X — VH — qgbb

CMS-PAS-B2G-17-002

m All-hadronic search for V — qg and H — bb resonances

m Similar topology and background estimation to VV resonances search, but
dedicated indentification for H — bb (b-tagging)
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X — VH — qgbb

CMS-PAS-B2G-17-002
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X — ZV — 0lqq

CMS-PAS-B2G-16-022

W~ ZW - ligg
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X — ZV — 0lqq

CMS-PAS-B2G-16-022
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X =WV —

CMS-PAS-B2G-16-020

m Search for a resonance decaying to WV in
the leptonic channel (W — (v, V — qg)
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X — VH semileptonic

Phys. Lett. B 765 (2016) 32

X‘ ~ VH ~ {v?/,?v‘ll)bb . . 22‘lb' HQTED
. . + Dat:
m Search for a resonance decaying to VH in cus -zva(‘l%je«s
leptonic channels, with 2015 data (2.2fb™") '

i HsB Vv, VH
T H 72 Fit unc.
m Z — vv: use transverse mass m,,,

m W — lv: dedicated top control regions
m Z — (¢ high-efficiency dilepton identification

m b-tagging of the Higgs sub-jets (1 or 2 b-tag)

m a-method for background prediction

°
m Combined HVT exclusion up to 2.0 TeV in %
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X = HH — 4b

CMS-PAS-B2G-16-008

m Search for resonant di-Higgs in all-haronic (4b) final states
m Two independent background prediction/Higgs tagging methods:

| Smooth fit method

m b-tagging of the sub-jets (3 or 4)
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Combination of the diboson searches

CMS-PAS-B2G-16-007

m Combination between 2015 /s = 13 TeV and 2012 /s = 8 TeV searches
m Favored by orthogonality between analyses, and common techniques

m Stringent limits on HVT model B: my, < 2.4 TeV

m Not sensitive enough to exclude Bulk Graviton

m 2016 searches already more sensitive than combination
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Concluding remarks

2016 summary

m Two brand-new diboson results for Moriond (VV and VH all-hadronic)

m All major analyses with 2016 data already in an advanced state
m Significant develpement in boosted object techniques

m moving from pruning to soft drop + PUPPI in 2016
m prepared to the challenges of 2017 data taking

Future outlook

m We had a huge jump in luminosity in 2016

m Immediate effect: the sensitivity of the single analyses already ruled out
Run | 4+ 2015 combination

m Situation is going to change in the next future: such a rapid increase
won't happen again at LHC

m Exploit excellent synergy between analyses in view of a combination:

m common algorithms for object reconstruction and identification
m background prediction methods

m Refine analysis and reconstruction techniques, or have new good ideas!
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Thank you for your attention!
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aiel Data recorded: Fri Aug 5 02:45:13 2016 CEST
mj 123.7 GeV Run/Event: 278239 / 427634038
b tag 0.95 Lumi section: 287




